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(57) ABSTRACT

In a handheld power tool having a reduction gear unit, driv-
able by a motor, for driving a drive shaft, the reduction gear
unit being situated in a gear housing and being shiftable via a
gearshift at least between a first gear having a comparatively
high torque and a second gear having a comparatively low
torque, the reduction gear unit is assigned a mechanical over-
load protection device which is designed to limit the reduc-
tion gear unit during operation of the handheld power tool, if
atorque, transterred from the drive shaft to the reduction gear
unit, exceeds a machine-specific limiting value.
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1
HANDHELD POWER TOOL HAVING A
REDUCTION GEAR UNIT

FIELD

The present invention relates to a handheld power tool
having a reduction gear unit, drivable by a motor, for driving
a drive shaft, the reduction gear unit being situated in a gear
housing and being shiftable via a gearshift at least between a
first gear having a comparatively high torque and a second
gear having a comparatively low torque.

BACKGROUND INFORMATION

Such handheld power tools often have a reduction gear unit
for driving a drive shaft, using which a predefined motor
speed may be reduced to a speed range of the drive shaft
which is necessary for a particular application. For example,
motor speeds of approximately 20,000 RPM are reduced to a
speed range of approximately 150 RPM to 2,000 RPM in
cordless screwdrivers, cordless combi drills, and/or cordless
percussion drills. The reduction gear units are, for example,
designed as multistage planetary gear sets having at least two
gears, so that a user of such a handheld power tool is, for
example, able to shift this handheld power tool between a
first, slower, gear having a comparatively high torque and a
second, faster, gear having a comparatively low torque. More-
over, the reduction gear unit may be assigned a torque clutch
using which it is possible to prevent the drive shaft from being
driven by the reduction gear unit during operation of the
handheld power tool, if a torque, transferred from the drive
shaft to the reduction gear unit, exceeds a threshold value
settable by a user.

The disadvantage of the above-described power drills is
that in the case of cordless combi drills, the torque clutch or a
clutch functionality provided by the torque clutch is deacti-
vated in the drilling mode, thus setting the threshold value
settable by the user virtually to “infinitely.” If, however, the
cordless combi drill set to the drilling mode is used for screw-
ing, a kinetic energy of rotation conveyed to the drive shaft
may be converted into a rotation of the cordless combi drill or
a tool housing assigned thereto, for example, in the event of
so-called hard screw applications which may occur during
metal screw fittings, for example, and may cause a spontane-
ous blocking of the drive shaft. This may result in an impact-
like load on components of a drive train assigned to the
cordless combi drill and in a failure of the components of the
drive train involved.

SUMMARY

One object of the present invention is to provide a handheld
power tool during operation of which a conveyance of a
comparatively high kinetic energy of rotation to an assigned
tool housing via the drive shaft of this handheld power tool
may be at least limited independently of a set operating mode.

Inaccordance with the present invention, an example hand-
held power tool is provided having a reduction gear unit,
drivable by a motor, for driving a drive shaft. The reduction
gear unit is situated in a gear housing and is shiftable via a
gearshift between a first gear having a comparatively high
torque and a second gear having a comparatively low torque.
The reduction gear unit is assigned a mechanical overload
protection device which is designed to limit the reduction
gear unit during operation of the handheld power tool, if a
torque, transferred from the drive shaft to the reduction gear
unit, exceeds a machine-specific limiting value.
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The present invention thus makes possible the provision of
a handheld power tool during whose operation a conveyance
of excessive kinetic energy of rotation to the tool housing,
assigned to the handheld power tool, via the drive shaft of the
handheld power tool may be effectively and reliably pre-
vented.

According to one specific embodiment, the reduction gear
unit is assigned a torque clutch which is designed to prevent
the drive shaft from being driven by the reduction gear unit
during operation of the handheld power tool, if a torque,
transferred from the drive shaft to the reduction gear unit,
exceeds a threshold value settable by a user of the handheld
power tool. The machine-specific limiting value is preferably
greater than a maximum threshold value settable by the user
of the handheld power tool.

In this way, a handheld power tool may be made available
in a simple manner which, on the one hand, is protected by the
machine-specific overload protection from a comparatively
high torque, which is predefined independently of a user,
being transferred from the drive shaft to the tool housing, and,
on the other hand, may be protected by a torque clutch,
operable by a user, from a comparatively low torque being
transferred which is settable by the user at least within pre-
defined limits.

According to one specific embodiment, the reduction gear
unit is designed in the form of a planetary gear set having at
least three planetary stages. The overload protection device is
preferably assigned to a planetary stage which is not directly
connected to either the gearshift or the torque clutch.

The present invention thus allows the provision of a solid
and small reduction gear unit having a robust overload pro-
tection device.

The planetary stage to which the overload protection
device is assigned preferably faces the motor.

This makes it possible to design the overload protection
device in a simple manner on the planetary gear set.

The planetary stage to which the overload protection
device is assigned preferably has an annulus gear which is
coupled to the gear housing via at least one latching spring
element.

In this way, an uncomplicated and cost-effective overload
protection device may be provided.

According to one specific embodiment, the annulus gear is
rotatably fixedly situated in the gear housing until the
machine-specific limiting value is reached for the case that a
torque is transferred from the drive shaft to the reduction gear
unit and is able to rotate in the gear housing around a longi-
tudinal axis assigned to the drive shaft if the machine-specific
limiting value is exceeded.

The present invention thus makes possible the provision of
a safe and reliable overload protection device.

The at least one latching spring element is preferably situ-
ated resiliently on the annulus gear in the radially outward
direction. Alternatively thereto, the at least one latching
spring element may act resiliently against the annulus gear in
the radially inward direction.

In this way, a simple and robust overload protection device
may be provided.

According to one specific embodiment, a latching element,
which is rotatably fixedly connected to the gear housing, is
provided in the radial direction between the annulus gear and
the gear housing.

The present invention thus allows the latching spring ele-
ment to latch solidly and directly with the gear housing during
normal operation of the handheld power tool.

In accordance with the present invention, a mechanical
overload protection device is provided for a handheld power
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tool which has a reduction gear unit, drivable by a motor, for
driving a drive shaft, the reduction gear unit being situated in
a gear housing and being shiftable via a gearshift at least
between a first gear having a comparatively high torque and a
second gear having a comparatively low torque. The overload
protection device is designed to limit the reduction gear unit
during operation of the handheld power tool, if a torque,
transferred from the drive shaft to the reduction gear unit,
exceeds a machine-specific limiting value.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is explained in greater detail below
with reference to exemplary embodiments.

FIG. 1 shows a schematic view of a handheld power tool
according to one specific embodiment.

FIG. 2 shows an enlarged sectional view of a detail of the
handheld power tool from FIG. 1.

FIG. 3 shows a perspective view of a detail of the handheld
power tool from FIG. 1.

FIG. 4 shows a section view of the handheld power tool
from FIG. 1, viewed along a line IV-IV from FIG. 2.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

FIG. 1 shows an exemplary handheld power tool 100 which
has a tool housing 105 including a handle 115. According to
one specific embodiment, handheld power tool 100 is con-
nectable mechanically and electrically to a battery pack 190
for a mains-independent power supply. In FIG. 1, handheld
power tool 100 is designed as a cordless combi drill as an
example. It is, however, pointed out that the present invention
is not limited to cordless combi drills, but may also be used
with various handheld power tools in which a tool is set into
rotation regardless of whether the handheld power tool is
mains-operable or operable mains-independently using bat-
tery pack 190, e.g., with a screwdriver or a cordless screw-
driver, a percussion drill, or a cordless percussion drill, etc.

An electric drive motor 180, which is supplied with current
by battery pack 190, and a gear unit 200 are situated in tool
housing 105. Drive motor 180 is connected to a drive shaft
120, e.g., a drive spindle, via gear unit 200. Drive motor 180
is illustratively situated in a motor housing 185 and gear unit
200 in a gear housing 205, gear housing 205 and motor
housing 185 being situated in tool housing 105 as an example.
A tool holder 140, which has a drill chuck 145 as an example,
is assigned to gear unit 200. This tool holder 140 is used to
hold a tool 150 and may be integrally connected to drive shaft
120 drivable by drive motor 180 via gear unit 200, or may be
connected to it in the form of an attachment.

Drive motor 180 is, for example, operable via a manual
switch 195, i.e., may be switched on and off, and may be any
type of motor, e.g., an electronically commutated motor or a
DC motor. Preferably, drive motor 180 may be controlled or
regulated electronically in such a way that a reverse operation
and input with regard to a desired rotational speed are imple-
mentable. The mode of operation and the design of a suitable
drive motor are conventional so that a detailed description
thereofis dispensed with for the sake ofa concise description.

According to one specific embodiment, gear unit 200 is a
reduction gear unit, e.g., a planetary gear set having different
planetary stages, to which a torque clutch 199 is optionally
assigned. Torque clutch 199 is designed to prevent drive shaft
120 from being driven by reduction gear unit 200 during
operation of handheld power tool 100, if a torque, transferred
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from drive shaft 120 to reduction gear unit 200, exceeds a
threshold value which is settable by the user of handheld
power tool 100.

Moreover, reduction gear unit 200 is assigned a gearshift
260 operable via an assigned operating element 230, so that
reduction gear unit 200 is shiftable at least between a first gear
having a comparatively high torque and a second gear having
a comparatively low torque. During operation of handheld
power tool 100, reduction gear unit 200 is rotatably driven by
drive motor 180. Reduction gear unit 200, which is illustra-
tively designed as a planetary gear set, is described in detail
below with reference to an enlarged section view from FIG. 2
as well as with reference to an enlarged perspective view of a
detail 210 of handheld power tool 100 from FIG. 3.

According to one specific embodiment, reduction gear unit
200 is assigned a mechanical overload protection device 290.
This overload protection device is designed to limit reduction
gear unit 200 during operation of handheld power tool 100, if
a torque, transferred from drive shaft 120 to reduction gear
unit 200, exceeds a machine-specific limiting value. The
machine-specific limiting value is greater than a maximum
threshold value settable by the user of handheld power tool
100 via torque clutch 199.

In the context of the present invention, a limitation of
reduction gear unit 200 by overload protection device 290 is
to be understood to mean that a torque, transferred from
reduction gear unit 200 to drive shaft 120, is at least reduced
by overload protection device 290 in the event of a blocking
of drive shaft 120, e.g., in the event of hard screw applica-
tions, in order to thereby delimit the kinetic energy of rotation
transferred from drive shaft 120 to gear housing 205 and thus
tool housing 105. In addition, the mode of operation and the
design of a suitable torque clutch are conventional, so that a
detailed description of torque clutch 199 is dispensed with for
the sake of a concise description.

FIG. 2 shows detail 210 of handheld power tool 100 from
FIG. 1. This detail illustrates an exemplary embodiment of
reduction gear unit 200 from FIG. 1, implemented as a plan-
etary gear set, whose gear housing 205 illustratively has a
housing back section 258 and a housing front section 259.
Here, housing back section 258 may be formed by motor
housing 185 from FIG. 1, for example.

Planetary gear set 200 illustratively has three planetary
stages situated in gear housing 205: a front stage 270, a central
stage 271, and a rear stage 272. Front planetary stage 270 is
connected to drive shaft 120 from FIG. 1 and is represented
here only by an exemplary sunwheel 203. Central planetary
stage 271, as an example, has a sunwheel 213, at least one first
and one second planetary wheels 217 and 219, a planet carrier
214, as well as an annulus gear 216 which is situated axially
fixed, but radially movable in gear housing 205. Planet carrier
214 forms sunwheel 203 of front planetary stage 270; sun-
wheel 203 may be fastened appropriately to planet carrier 214
ormay be integrally connected to it or may be designed in one
piece with it. [llustratively, planet carrier 214 is situated at
least sectionally within a fastening ring 209 which is rotatably
fixedly connected to gear housing 205 and which has a hold-
ing contour 269, and which fastens planet carrier 214 in gear
housing 205 in an axially fixed, but radially movable manner.
Rear planetary stage 272, as an example, has a sunwheel 223,
at least one first and one second planetary wheels 227 and
229, aplanet carrier 224, as well as an annulus gear 226 which
is situated axially fixed. The latter is illustratively situated at
least sectionally within an annular latching element 206
which is rotatably fixedly connected to gear housing 205.
Sunwheel 223 is, for example, formed from a pinion which is
assigned to motor 180 from FIG. 1 and which drives planetary
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gear set 200 during operation of handheld power tool 100
from FIG. 1. Planet carrier 224 forms sunwheel 213 of central
planetary stage 271; sunwheel 213 may be fastened appropri-
ately to planet carrier 224 or may be integrally connected to it
or may be designed in one piece with it.

According to one specific embodiment, planetary gear set
200 is shiftable via gearshift 260 from FIG. 1 between a first
and a second gear, as described for FIG. 1. For this purpose,
gearshift 260 is assigned a ratchet wheel 266, which is situ-
ated on planetary gear set 200, is axially displaceable and
radially movable, and which is rotatably fixedly connected to
annulus gear 216 of central planetary stage 271 via an
assigned entrainer contour 268.

According to one specific embodiment, ratchet wheel 266
is shiftable in the axial direction of gear housing 205 from a
first into a second operating position when operating element
230 from FIG. 1 is operated, the first operating position being,
for example, assigned to the first gear and the second opera-
tion position being, for example, assigned to the second gear
of'planetary gear set 200. In its first operating position, ratchet
wheel 266 is rotatably fixedly connected to planet carrier 224
of rear planetary stage 272, so that this planet carrier 224 and
annulus gear 216 of central planetary stage 271 are rotatably
fixedly connected to one another. In this way, central plan-
etary stage 271 is deactivated, so that the first gear is activated
ata comparably high torque. In its second operating position,
which is shown in FIGS. 2 and 3, ratchet wheel 266 is rotat-
ably fixedly connected to fastening ring 209 and thus to gear
housing 205 in that entrainer contour 268 of ratchet wheel 266
engages with holding contour 269 of fixing ring 209, so that
annulus gear 216 of central planetary stage 271 is rotatably
fixedly fastened in gear housing 205. In this way, central
planetary stage 271 is activated, so that the second gear is
activated at a comparably low torque.

Since the design and mode of operation of a planetary gear
set having a gearshift are sufficiently conventional, a detailed
description thereof is dispensed with for the sake of a concise
description.

According to one specific embodiment, annular latching
element 206, in which annulus gear 226 of rear planetary
stage 272 is at least sectionally situated, is assigned to over-
load protection device 290 from FIG. 1 and is illustratively
axially fixedly fastened at least within predefined tolerances
within or on gear housing 205 using a retainer ring 267
attached on housing front section 259 of gear housing 205. On
annulus gear 226, at least one latching spring element 207 (as
well as 407, 409 in FIG. 4) is situated, as an example, which
is assigned to overload protection device 290, and via which
annulus gear 226 is coupled to latching element 206 and thus
to gear housing 205, as described below for FIG. 4.

Overload protection device 290 is preferably assigned to a
planetary stage which is not directly connected to either gear-
shift 260 or torque clutch 199 from FIG. 1. Particularly pref-
erably, overload protection device 290 is assigned to a plan-
etary stage which faces motor 180 from FIG. 1. Accordingly,
overload protection device 290 in FIG. 2 is illustratively
assigned to rear planetary stage 272 which faces motor 180
from FIG. 1 and is not directly connected to either gearshift
260 or to torque clutch 199 from FIG. 1.

FIG. 3 shows detail 210 of handheld power tool 100 from
FIGS. 1 and 2 in a perspective view. FIG. 3 illustrates the axial
fastening of latching element 206 of overload protection
device 290 on gear housing 205 using retainer ring 267.
Moreover, F1G. 3 illustrates a toothing 426 which is provided
on the inner periphery of annulus gear 226 of rear planetary
stage 272 and which is operatively linked to planetary wheels
227, 229, as well as the rotatably fixed connection of ratchet
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wheel 266 via its entrainer contour 268 with annulus gear 216
of central planetary stage 271 as well as to fastening ring 209
via its holding contour 269 in the second gear of handheld
power tool 100 from FIG. 1.

According to one specific embodiment, annular latching
element 206 of overload protection device 290 has a latching
toothing 406 on its inner periphery and radial recesses 491,
493 (and 492 in FIG. 4) on its outer periphery. Protrusions
481, 483 (and 482 in FIG. 4), which are provided on housing
front section 259 of gear housing 205, illustratively engage
with these recesses so that latching element 206 is rotatably
fixedly connected to gear housing 205. Latching toothing 406
is coupled to latching spring element 207 (as well as 407, 409
in FIG. 4), which is assigned to overload protection device
290, as described below for FIG. 4.

FIG. 4 shows a section through rear planetary stage 272 of
planetary gear set 200 from FIGS. 2 and 3, an illustration of
sunwheel 223 being dispensed with to simplify the figure.
FIG. 4 shows another planetary wheel 428 of rear planetary
stage 272 and illustrates the design of radial recesses 491, 493
as well as of another radial recess 492 on annular latching
element 206, with which protrusions 481 and 483, provided
on gear housing 205, as well as another protrusion 482 engage
for rotatably fixed fastening.

According to one specific embodiment, on the outer
periphery of annulus gear 226 of rear planetary stage 272, at
least one flattening 451 as well as at least two assigned
recesses 452, 453 are provided which have a rectangular
shape, for example, and are assigned to overload protection
device 290 from FIGS. 2 and 3. Latching spring element 207
is illustratively situated in the area of flattening 451. As an
example, this latching spring element is designed in the form
of'a curly bracket having an approximately central detent lug
437 and rounded end areas 427, 417 which are mounted to be
freely movable in recesses 452 and 453. Here, rounded end
area 427 is acted on by a predefined spring tension in the
direction of rounded end area 417 and end area 417 is acted on
in the direction of end area 427. In this way, latching spring
element 207 is mounted resiliently on annulus gear 226 in the
radially outward direction, so that detent lug 437 is opera-
tively engaged with latching toothing 406 of annular latching
element 206 during normal operation of handheld power tool
100 from FIG. 1.

It is pointed out that in FIG. 4 two other latching spring
elements 407, 409 are illustratively shown which are situated
in the area of flattenings and recesses which have a similar
design as flattening 451 and recesses 452, 453. For the sake of
simplicity and clarity of the figure, these flattenings and
recesses have, however, not been denoted. Furthermore, it is
pointed out that three latching spring elements 207, 407, 409
are each offset in relation to one another by an angle of 120°,
for example. However, other configurations and a different
number of latching spring elements are also possible. For
example, only two latching spring elements may be used
which are offset by an angle of 180° in relation to one another,
a floating fit of annulus gear 226 in annular latching element
206 being achievable if two or more latching spring elements
are used.

Moreover, it is pointed out that latching spring elements
207 which are resilient in the radially outward direction and
which engage with latching toothing 406 provided on the
inner periphery of annular latching element 206 are described
only as an example and are replaceable by other equivalent
approaches. Alternatively thereto, latching spring elements
which are resilient in the radially inward direction and which
engage with the latching toothing provided on the outer
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periphery of annulus gear 226 could, for example, be situated
on the inner periphery of latching element 406.

During normal operation of handheld power tool 100 from
FIG. 1, annulus gear 226 is rotatably fixedly connected to
latching element 206, and thus rotatably fixedly coupled to
gear housing 205, via latching spring elements 207, 407, 409
by detent lugs 437 of these latching spring elements engaging
with latching toothing 406 of annular latching element 206.
Thus, planetary wheels 227, 229, 428 may rotate along tooth-
ing 426 provided on the inner periphery of annulus gear 226,
if these are driven by sunwheel 223 from FIGS. 2 and 3, a
torque which is generated by drive motor 180 from FIG. 1 and
reduced by planetary gear set 200 being transferred to drive
shaft 120 from FIG. 1.

For the case of an at least partial blocking of drive shaft 120
from FIG. 1, e.g., in the event of hard screw applications, this
torque is at least partially transferred back from drive shaft
120 to reduction gear unit 200 and thus to gear housing 205
and tool housing 105 from FIG. 1. If] in the process, the
back-transferred torque exceeds a machine-specific limiting
value which is, for example, predefinable by a selected stiff-
ness or spring force of latching spring elements 207, 407,409
and/or the design of latching toothing 406, among other
things, detent lugs 437 slide out of the operative engagement
with latching toothing 406 due to an elastic deformation of
latching spring elements 207, 407, 409.

In the case of such a resilient deformation, detent lugs 437
of latching spring elements 207, 407, 409 are pressed against
their spring force radially inward in the direction of assigned
flattenings 451, so that each of rounded end areas 417 or 427
are pressed outward, viewed in the tangential direction of
annulus gear 226, as a function of a particular direction of
rotation of annulus gear 226. In this way, annulus gear 226
may rotate in gear housing 205 around a longitudinal axis
assigned to drive shaft 120 from FIG. 1 at least until the
back-transferred torque exceeds the machine-specific limit-
ing value again. In the context of the present invention, this is
referred to as a limitation of planetary gear set 200, as
described above.

What is claimed is:

1. A handheld power tool, comprising:

a gear housing;

a motor;

a drive shaft; and

areduction gear unit, drivable by the motor for driving the
drive shaft, the reduction gear unit being situated in the
gear housing and being shiftable via a gearshift at least
between a first gear having a comparatively high torque
and a second gear having a comparatively low torque,
wherein the reduction gear unit is assigned a mechanical
overload protection device which is designed to limit the
reduction gear unit during operation of the handheld
power tool, if a torque transferred from the drive shaft to
the reduction gear unit exceeds a machine-specific lim-
iting value,

wherein the reduction gear unit is assigned a torque clutch
which is designed to prevent the drive shaft from being
driven by the reduction gear unit during operation of the
handheld power tool, if a torque, transferred from the
drive shaft to the reduction gear unit, exceeds a threshold
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value which is settable by a user of the handheld power
tool, the machine-specific limiting value being greater
than a maximum threshold value settable by the user of
the handheld power tool,

wherein the reduction gear unit is designed in the form of a
planetary gear set having at least three planetary stages,
the overload protection device being assigned to one of
the planetary stages which is not directly connected to
either the gearshift or to the torque clutch.

2. The handheld power tool as recited in claim 1, wherein
the planetary stage to which the overload protection device is
assigned faces the motor.

3. The handheld power tool as recited in claim 1, wherein
the planetary stage to which the overload protection device is
assigned has an annulus gear which is coupled to the gear
housing via at least one latching spring element.

4. The handheld power tool as recited in claim 3, wherein
the annulus gear is rotatably fixedly situated in the gear hous-
ing until the machine-specific limiting value is reached for the
case that a torque is transferred from the drive shaft to the
reduction gear unit and is able to rotate in the gear housing
around a longitudinal axis assigned to the drive shaft if the
machine-specific limiting value is exceeded.

5. The handheld power tool as recited in claim 3, wherein
the at least one latching spring element is situated resiliently
on the annulus gear in a radially outward direction.

6. The handheld power tool as recited in claim 3, wherein
the atleast one latching spring element acts resiliently against
the annulus gear in a radially inward direction.

7. The handheld power tool as recited in claim 3, wherein
alatching element, which is rotatably fixedly connected to the
gear housing, is provided in a radial direction between the
annulus gear and the gear housing.

8. A mechanical overload protection device for a handheld
power tool comprising:

a reduction gear unit, drivable by a motor, for driving a
drive shaft, the reduction gear unit being situated in a
gear housing and being shiftable via a gearshift at least
between a first gear having a comparatively high torque
and a second gear having a comparatively low torque,
wherein the overload protection device is designed to
limit the reduction gear unit during operation of the
handheld power tool, if a torque transferred from the
drive shaft to the reduction gear unit exceeds a machine-
specific limiting value,

wherein the reduction gear unit is assigned a torque clutch
which is designed to prevent the drive shaft from being
driven by the reduction gear unit during operation of the
handheld power tool, if a torque, transferred from the
drive shaft to the reduction gear unit, exceeds a threshold
value which is settable by a user of the handheld power
tool, the machine-specific limiting value being greater
than a maximum threshold value settable by the user of
the handheld power tool, wherein the reduction gear unit
is designed in the form of a planetary gear set having at
least three planetary stages, the overload protection
device being assigned to one of the planetary stages
which is not directly connected to either the gearshift or
to the torque clutch.
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